Abstract-Design of the in-situ observational sites depends on topography and hydrodynamic characteristics in the observational region, which is significantly important in marine environmental monitoring and evaluation. The tidal motion in Jiaozhou Bay and Aoshan Bay is simulated in this study using the unstructured grid, finite-volume coastal ocean model (FVCOM). With an accurate geometric representation of irregular coastlines and islands and sufficiently high horizontal resolution in narrow channels, FVCOM provides an accurate simulation of the tidal current in the bays and also resolves the strong tidal flushing processes in the narrow channels. There exist many small-scale eddies due to the interaction of tidal flushing and complex coastlines. Small-scale eddies formation will cause inhomogeneous distribution of the marine environmental element, then affects design of the in-situ observational sites. We proposed that design of the in-situ observational sites should consider nearshore eddies in order to conform to reality and enhance environmental protection.
I. INTRODUCTION
With the development of Marine Programs, several large marine survey programs have been conducted over the past few decades, such as National Offshore Marine Survey and Assessment, Bohai Stereo Monitoring, and so on. Marine monitoring was significantly enhanced, and more marine workers participated in marine environmental monitoring and evaluation. Design of the in-situ observational sites depends on topography, hydrodynamic characteristics in the observational region, which is significantly important in marine environmental monitoring and evaluation (Shi et al., 2004) . The main methods for design of the in-situ observational sites are: (1) uniform distribution in the observational region, (2) a fan-shaped distribution stations from key region due to hydrodynamic characteristics, (3) along the sections vertical to tidal current, and (4) along the sections vertical to isobaths (Shi et al., 2008) . Topography and hydrodynamic characteristics in the observational region are significantly important on design of the in-situ observational sites.
We have conducted many numerical simulations in the coastal area and evaluation work in recent years. It can be found that there exists many small-scale eddies due to the interaction of tidal flushing and complex coastlines. Small-scale eddies formation will cause inhomogeneous distribution of the marine environmental element, then affects design of the in-situ observational sites. In order to get typical in-situ observational sites, the effect of small-scale eddies should be considered.
The objectives of the present study is illustrate the influence of the small-scale eddies on the design of the in-situ observational sites based on numerical simulations in the Jiaozhou Bay and Aoshan Bay. The rest of the paper is organized as follows. Section 2 describes the used model and the methodology of eddy identification. Section 3 presents the results of the model on the eddy formation and its influences. Finally, Section 4 summarizes the main results and suggestions.
II. MODEL AND METHODOLOGY
FVCOM
The numerical model used in this study is FVCOM: a prognostic, unstructured grid, finite-volume, free-surface, three-dimensional (3D) primitive equation coastal ocean and estuarine model developed by Chen et al. (2003) . FVCOM utilizes a modified Mellor and Yamada level 2.5 (MY-2.5) and Smagorinsky turbulent closure schemes for the default setup of vertical and horizontal mixing, respectively (Mellor and Yamada, 1982) . Unlike existing coastal finite-difference and finite-element models, FVCOM solves the hydrostatic primitive equations by calculating fluxes resulting from a discretization of the integral form of these equations on an unstructured triangular mesh. A state-of-the-art-transformation is used to represent the vertical coordinate. This approach not only takes advantage of finite-element methods for grid flexibility and finite-difference methods for numerical efficiency but also provides a good numerical representation of momentum, mass, salt, and heat conservation. The detailed description of FVCOM was given in user manual written by Chen et 
. The two-dimensional flow fields can be derived from the model output. This criterion allows us to separate the flow into different regions: a vorticity-dominated region (W<-0.2σ w ), a strain-dominated region (W>0.2σ w ), and a background field (|W|≤0.2σ w ), where σ w is the standard deviation in the whole domain. The region of W<-0.2σ w is defined as the eddy core. It is an anticyclonic (cyclonic) eddy when mean sea level anomaly is greater (less) than 0 cm in this region.
III. RESULTS AND DISCUSSIONS
Based on the objective criterion of the Okubo-Weiss parameter, anticyclonic and cyclonic eddies were identified in the Jiaozhou Bay and Aoshan Bay. They are labeled in Fig. 2 and Fig. 3 . It can be seen from the distributions of the near-surface tidal current that there exist multiple eddies due to the interaction of tidal flushing and complex coastlines both in Jiaozhou Bay (Fig. 2) and Aoshan Bay (Fig. 3) . The formation of these eddies is mainly due to the current separation either at the tip of the coastlines or asymmetric tidal flushing in narrow channels or passages according to Zhao et al. (2006) . Based on different period, we separate these eddies into two types: eddy shedding from the tidal flushing, and steady eddies identified from the residual flow field. The influences of two types of eddies on design of the in-situ observational sites will be discussed in next part.
Tide in the Jiaozhou Bay is of regular semi-diurnal type. The mean tidal range is 2.7 m, while the maximum tidal range can reach 6.9 m. Fig. 2 shows the distributions of the near-surface tidal current at the maximum flood, ebb, and residual current in the Jiaozhou Bay, respectively. Both the maximum flood and the maximum ebb appears in the deep channel with the current speed more than 1.5 m/s, while the maximum residual current is about 0.3 m/s. On the left (right) side of the current axis, it is easy to generate cyclonic (anticyclonic) eddies. In the center of eddies, the flow speed is small (Fig. 2) . It can be inspected that if there is an eddy or eddy rings, the observed current will be obviously different due to the position of the in-situ observational sites. Under these circumstances, the observational data can not represent the real marine environment. Residual flow is an important feature of the hydrodynamic, which has important implications on the study of the marine environment and marine pollution investigations (Hu, 2009). Fig. 2c (c) Fig. 2 The distributions of the near-surface tidal current at the maximum flood (a), ebb (b), and residual (c) current in the Jiaozhou Bay. Fig. 3 The distributions of the near-surface tidal current at the maximum flood (a), ebb (b), and residual (c) current in the Aoshan Bay.
of the Jiaozhou Bay. Residual flow is commonly defined as the tidal-cycle average of tidal current. The residual flow described here is the sub-tidal flow that is separated from the tidal current using Foreman's harmonic analysis program. It can be seen from convex and concave coastline regions, and channel exits. The water quality conditions are relatively poor (good) if the residual flow direction is out of (in) the Bay. If there is an eddy in the vicinity of the in-situ observational site, the observational data can not represent the real marine environment in this area.
It is similar in the Aoshan Bay. Tide in the Aoshan Bay is also of regular semi-diurnal type. The mean tidal range is 1.2 m, which is smaller than that in the Jiaozhou Bay. Fig. 3 shows the distributions of the near-surface tidal current at the maximum flood, ebb, and residual current in the Aoshan Bay, respectively. Both the maximum flood and the maximum ebb appears in the deep channel with the current speed more than 0.5 m/s, while the maximum residual current is about 0.15m/s. The current speed is much smaller than that in the Jiaozhou Bay. However, multiple eddies formed around headlands, convex and concave coastline regions, which is similar to that in the Jiaozhou Bay. These eddy shedding from tide flushing and steady eddy are significant important on the design of the in-situ observational sites.
In addition to Jiaozhou Bay and Aoshan Bay, there also exist eddies in nearshore areas, such as Bohai Strait and Shidao offshore (Yuan et al., 2007; Xu et al., 2009), due to the current separation either at the tip of the coastlines or asymmetric tidal flushing in narrow channels. Study of eddy distribution is significantly important to improve the representativeness and effectiveness of the monitoring data for marine monitoring workers.
IV. CONCLUSIONS
Large-area, high-density, long-term marine monitoring takes a lot of manpower and material resources, which is limited by the weather, sea conditions, and environmental conditions. Therefore, in order to reduce the monitoring workload at sea, marine monitoring is often combined with numerical simulation, satellite remote sensing, ground radar to improve the level of monitoring and evaluation. If the number and frequency of monitoring stations are not enough to satisfy the urgent needs, optimizing the layout of the stations is particularly important to obtain more effective data according to the complex hydrodynamic characteristics in the nearshore area.
It can be concluded from the above analysis that multiple eddies often generate around headlands, convex and concave coastline regions due to the interaction of tidal flushing and complex coastlines. So design of the in-situ observational sites should consider nearshore eddies in order to conform to reality and enhance environmental protection. Several suggestions are proposed as follows: (1) if the concerned monitoring scale is greater than the eddy scale, observational site should be set far away from eddies to avoid small-scale disturbances, (2) if the concerned monitoring scale is similar to the eddy scale, distance between observational sites should be set smaller than the radius of eddies in this area, and (3) if the concerned monitoring scale is smaller than the eddy scale, observational site should be set closer as soon as possible, and the monitoring should be conducted during the period of flood tide and ebb tide.
